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ABSTRACT:
Pile driving causes large displacements of the adjacent soil and can damage adjacent
structures. Theoretical predictions of the ground movement can be obtained using a
framework referred to as the Shallow Strain Path Method (SSPM). This thesis evaluates
predictions using SSPM analyses to predict deformations from a well documented pile
driving project in East Boston. This project involved driving more than 350 piles to depths
in excess of 160 feet through a deep deposit of Boston Blue Clay. The installation process
caused several inches of heave beneath an adjacent hotel. The SSPM analyses are able to
account for the spatial locations of individual piles and the effects of pre-augering (used to
minimize movements), but do not consider the time effects associated with consolidation of
the clay. The predictions are compared with surface settlement data from 23 monitoring
points in two main phases. These comparison show that the SSPM tends to overestimate the
measured ground heave in Phase I of the project but provides a very good first estimate of the
measured behavior.
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Professor, Department of Civil
Whittle
and Environmental Engineering
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1 INTRODUCTION
One of the most important factors when designing or constructing structures of any type is
the impact they will have on the surrounding environment. This is particularly important
when the surrounding environment contains existing facilities which maybe completely or
partially damaged due to the new construction. It is therefore essential that potential impacts
are predicted accurately in order for the responsible parties to properly assess the risks
involved when initiating such a project.
An example of a construction activity which considerably impacts its surroundings is pile
driving in low permeability clay. When the pile is advanced into the clay, large excess pore
water pressures are produced due to the relatively low permeability of the soil. As the
timeframe for pore pressure dissipation is much larger than the installation process, the
volume of clay displaced by the penetrating pile must be transformed into undrained shear
deformations of the soil mass. If the pile dimensions are large enough, these deformations
(both vertical and horizontal) impact surrounding facilities far from the installed pile.
This thesis adds to data previously published by Sagaseta and Whittle (2001), by evaluating
predictions of ground movements, using the theoretical framework referred to as the Shallow
Strain Path Method (SSPM) (Sagaseta et al. 1997), through comparison with measured
deformations from a well documented pile driving project in East Boston (Payiatakis and
Davie, 1998). This is the first time the SSPM framework has been compared against a large
pile installation project case study where issues such as multiple pile groups and pre-
augering were considered. SSPM predictions are first examined by comparing with vertical
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surface deformations for multiple field monitoring points. Further comparisons are then
made at points within the soil mass using inclinometer and multiple point borehole
extensometer data.
2 THEORETICAL PREDICTION OF GROUND MOVEMENT
Sagaseta and Whittle (1997) introduced the Shallow Strain Path Method (SSPM) as a
framework for predicting ground movements caused by installation of piles, penetromters,
caissons etc. in low permeability clays. The SSPM is a modification of previous analyses by
Baligh (1995) (Strain Path Method, SPM). In both cases, the analyses assume that soil
properties have a minimal influence on the deformations and strains occurred during
undrained penetration problems.
2.1 Summary of Shallow Strain Path Method
The Shallow Strain Path Method simulates a pile penetration from the stress-free ground
surface by superimposing full-space solutions for a point source of strength, S, with and
equal and opposite mirror image sink S', at some embedment depth, h, above and below the
notional ground surface as seen in Figure 2.1. The combined action of the source and sink
will cancel out the normal stresses and double the shear stresses at points along the free
surface. The stress-free boundary condition at the ground is then satisfied by applying
corrective surface tractions calculated analytically assuming linear, isotropic elastic behavior.
The SSPM includes large strains, not previously considered, by formulating in terms of the
velocities of the soil elements rather than their displacements.
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Figure 2.1 Conceptual Model for SSPM:
(a) SSPM representation of Shallow Penetration Problem; (b) Equivalent Solution (steps 1 - 3)
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At any point in the ground, soil velocities and strain rates can be determined from the source,
image sink, and corrective surface tractions. By numerically integrating the velocities and
strain rates along a particle path as the pile penetrates the stress-free ground surface,
deformations and strains can be obtained. When distances from the pile are greater than
three times the pile diameter, small strain approximations are accurate and closed form
solutions for horizontal and vertical surface deformations can be derived (Sagaseta et al.
2000). These solutions for a simple pile are shown below in equations 2.1 and 2.2 and the
geometry and notation used in SSPM analyses are shown in Figure 2.2.
SL




where Q = cross-sectional area of pile
r = distance from pile to point of interest
L = length of penetrated pile
Figure 2.2 Geometry and Notation used in SSPM Analysis for Simple Pile
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Deformations at other points within the soil mass can be obtained numerically from a fortran
program based on Sagaseta et al. (1997).
2.2 Pile Groups
Although the SSPM was developed to predict movements surrounding a single pile, it is not
difficult to expand the framework to analyze ground movements caused by the installation of
pile groups, or even arrays of pile groups by superposition. If individual pile locations or
spacing are known, one simply needs to conduct the analysis for each pile individually and
then sum the results. If the exact location of each pile is not known, a uniform pile density
can be assumed and the product of it and the calculated displacement can be integrated over
the pile area. This approach has been thoroughly investigated by Sagaseta and Whittle
(2001).
2.3 Preboring
In practice, negative effects of pile driving such as surface heave or lateral deformations are
often mitigated through preboring, or pre-augering, through some fraction of the overall
depth of the pile, LO/L. Once again, assuming small-strain conditions (linear problem),
superposition is valid and the SSPM solutions can be used to model this procedure by
changing the integration limits from (0, L) to (L,, L). The surface displacements can be
found in closed form for preboring to depth L0 , by subtracting from the closed form solution
for a pile of length L. Sagaseta and Whittle (2001) give the closed form solution for surface
heave considering preboring as:
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1r (r,, L) (2.3)
25s fr+t/) r2 +L
where r = LJL
2.4 Rigid Base
Piles are often driven through an unsuitable soft soil to a firm bearing stratum. Alternatively,
there are plausible reasons why piles are driven near a firm rigid layer, but not actually into
it. In either case, the effect of a rigid base layer below the pile will certainly impact soil
movements around the pile (e.g., Poulos 1994). Sagaseta and Whittle (2001) describe an
approximate method to account for the rigid layer in the SSPM framework. They state
vertical displacement, 8z, at point (r,z), in the soil mass, can be written as follows:
8z(r,z) = 8z(r,z) - 8 z(r,Hb) (2.4)
where Hb = depth of rigid base below the ground surface
8zi = displacement calculated for the homogeneous half-space
The effect of a rigid base on surface heave decreases with pile depth ratios. For an end
bearing pile with a length to radius ratio, IR = 200, the surface heave increases by 20%
compared to the half-space solution (Sagaseta et al. 2000). The current case study involves
piles with LJR > 230 and hence the rigid bearing layer has minimal effects on surface
deformations (but is clearly important for studying lateral movements of inclinometers
embedded in the base layer).
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3 CASE STUDY
This chapter summarizes the ground conditions, pile driving history and measured ground
movements associated with the installation of piled foundations for the new egress ramp E-T,
part of the 1-90 Logan Airport Interchange project. This site is part of the Central Artery (I-
93)/ Third Harbor Tunnel (1-90) Project (CA/T) being constructed by Bechtel/Parsons
Brinckerhoff in association with the Massachusetts Highway Department. Construction for
the particular project studied in this thesis was also conducted by Perini Corporation. Pile
installation occurred in two phases, the first occurring between April 3, 1995 and June 10,
1995 and the second between July 22, 1995 and August 19, 1995. Measured data for the
following analyses was provided by Bechtel/Parsons Brinckerhoff and project information
was gained from the reference paper published by Payiatakis and Davie (1998).
3.1 Site Conditions
The project site is located in East Boston, directly south of the existing Logan Airport Hilton
Hotel located at 85 Terminal Road, Boston, as shown in Figure 3.1. The long axis of the
hotel lies approximately parallel to egress ramp E-T for a distance of 650ft with about 250ft
adjacent to the roughly trapezoidal piled area as seen in Figure 3.2. The hotel consists of a
high rise structure with buildings from 5 to 12 stories and a low rise structure with one to two
stories enclosing a swimming pool and courtyard area. Although the hotel was constructed
recently, no foundation plans for this study were available. Two test pits were dug to
determine the hotels foundation system (Payiatakis and Davie, 1998). The exploration
revealed that the one story section of the structure was supported by 16 inch diameter piles
consisting of corrugated concrete filled pipes, and the multistory section of the building was
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supported by 12 inch diameter, pressure-treated, timber piles. It was assumed that both pile
types terminated in the upper crustal zone of the marine clay (profile shown in Figure 3.3).
Figure 3.1 Location Map - Logan Airport Hilton Hotel
~* ~:)~'
Logan Hilton
~xKW ~ Site /
Besides the existing hotel, the area surrounding the site is primarily occupied by commercial
establishments and airport property (Payiatakis et al. 1998).
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3.2 Soil Conditions
The topography of the site is generally flat with ground surface elevations ranging from 112
to 114 feet (Boston City Base), or 12 to 14 feet MSL. The groundwater elevation at the site
ranged from 5 to 10 feet below ground surface.
Soil conditions on the site were determined from 18 borings augered within the project site, 4
test pits and previous knowledge of Boston geology (Johnson, 1989). Figure 3.3 shows a
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typical cross section of the subsurface stratigraphy at the project site. (Payiatakis and Davie,
1998)
Figure 3.3 Typical subsurface profile in egress ramp area
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As seen from the cross-section, the subsurface profile comprises 30 feet of fill and organic
deposits overlying a 140 foot thick deposit of marine clay (Boston Blue Clay). Below the
marine clay exist glacial deposits and bedrock. The major soil units can be characterized as
follows:
Miscellaneous Granular Fill: Ranging in thickness from 10 to 15 feet, these deposits are a
mix of loose to dense, gravelly sand intermixed with cobbles and other foreign materials.
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Organic Silt: Ranging in thickness from 10 to 15 feet, this deposit consists of very soft to
medium stiff gray clayey silt with some sand, shells and organics.
Marine Clay: Having a thickness of approximately 140 feet, this deposit is known as Boston
Blue Clay (BBC). Top layers consist of a weathered crush or stiff to very stiff, brown-gray
silty clay with some partings of silt and pockets of fine sand. Below this layer exists very
soft to medium stiff, gray, silty clay with frequent fine-sand seams and silt lenses.
Glacial Deposits: Having a thickness of 10 to 20 feet, these deposits are made up of a
combination of glacio-fluvial, glacio-lacustrine, glacio-marine and glacial till. These
deposits are typically dense to very dense mixtures of sand, gravel, silt and clay with cobbles
and rock fragments.
Bedrock: The bedrock is classified as Cambridge Argillite, a thinly bedded rock with
extremely variable weathering, fracture, and soundness properties.
3.3 Project Description
The project consisted of driving piles for the new egress ramp E-T in an area approximately
100 feet wide by 250 feet long directly adjacent to the existing Logan Hilton Hotel. The
piles were 16-inch square, prestressed, precast concrete piles with a 5 foot long H-pile
stinger. The piles were designed to develop their full capacity of 75 to 155 tons through end
bearing in the dense, glacially deposited soils underlying the site or bedrock. As a result, pile
lengths were extremely long and ranged from 160 to 190 feet.
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A total of 353 piles were installed for both the PSS and EA sections of the project in two
different phases. Phase I occurred on the south side of the egress ramp, while Phase II took
place on the north side of the egress ramp, closer to the Hilton Hotel. Within each phase, the
pile driving was divided up into 5 sections. Average pile spacing ranged from 4.5 feet to 8
feet. The closest distance the pile driving came to the hotel was approximately 90 feet for
Phase I and 50 feet for Phase II. Table 3.1 and 3.2 below summarize the number of piles
driven in each phase by section, and the dates on which the pile driving occurred. Figure 3.4
depicts these sections as well as the individual pile locations within each section and phase.
Table 3.1 Phase I Pile Installation Summary
PHASE I PILE INSTALLATION SUMMARY
PILES INSTALLED
Section No. Dates East Abutment Approach Slab Total Piles
(EA) (PSS)
I- 1 4/3 - 4/23/95 10 49 59
1-2 4/23 - 5/8/95 45 0 45
1-3 5/15 - 5/28/95 0 40 40
1-4 5/29 - 6/2/95 0 24 24
1-5 6/5 -6/10/95 0 14 14
Total 55 127 182
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Table 3.2 Phase II Pile Installation Summary
PHASE II PILE INSTALLATION SUMMARY
PILES INSTALLED
Section No. Week Ending East Abutment Approach Slab Total Piles
(7/15 start date) (EA) (PSS)
II-1 7/22/95 29 0 29
11-2 7/29/95 11 0 11
11-3 8/5/95 25 17 42
11-4 8/12/95 0 57 57
1I-5 8/19/95 0 32 32
Total 65 106 171
Figure 3.4 Pile locations and Section Numbers for Egress Ramp
II-2
Scale: 1"= 50'.... . ... ' .2
sot 3





I-1 Pile driving Phase number and section
Limits of piling
*New pile location
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3.4 Project Instrumentation
Figure 3.5 shows the locations of field instrumentation for monitoring effects of the E-T
egress ramp construction on vertical and horizontal ground movements, and groundwater and
piezometric levels. Monitoring devices at this site are located mainly along the edge of the
Hilton Hotel and included vertical and horizontal ground deformation points (DMP's),
inclinometers (INCL's), multipoint heave gauges (MPHG's), vibrating wire piezometers
(VWPZ's) and observation wells.
The analysis presented in this text utilizes data collected from more than 23 deformations
points on and adjacent to the site, one multipoint heave gage, and one inclinometer. Twelve
of these devices used in this analysis were installed before Phase I of the project, while 13
others (including the inclinometer and multi point heave gauge) were installed after Phase I
of the project to obtain a more detailed understanding of site conditions and changes during
Phase II of the project. The instruments installed prior to Phase I are shown as triangles,
while others are shown as circles.
3.5 Heave Problem and Mitigation Measures
While pile driving was taking place during Phase I, significant deformations began to appear
in and around the project site. After six weeks of pile driving, several monitoring points
located on the Hilton Hotel were reporting vertical movements up to 1.25 inches. Surface
deformations points located near the hotel were indicating up to 1.6 inches (Payiatakis et al.
1998) of heave with some minor cracking in the hotel's ceilings, walls and swimming pool.
It was now clear that the effects of the pile driving operation were considerable and needed
MIT Department of Civil and Environmental Engineering 19
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further attention. Phase I of the project was completed as planned but with increased
frequency in the monitoring program. The maximum heave measured after Phase I was 1.7
inches (Payiatakis et al. 1998).
Due to the significance of heave caused by pile driving in Phase I, a number of mitigation
measures were considered to reduce the ground movement during Phase II. Additional heave
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was expected to surpass the heave observed during Phase I of the project because Phase II
piles were located closer to the existing hotel and pile driving rates were to be doubled or
tripled when compared to the installation rates of Phase I. After exploring options such as
changing the pile types, reducing the number of piles, or installing a buffer trench between
the piles and the Hilton Hotel, the following strategy was adopted:
1. Install additional monitoring instrumentation: A total of 17 DMPs, one inclinometer, one
multipoint heave gauge and three double-nested vibrating wire piezometers were installed in
addition to the monitoring instruments already on site. Some of these instruments were
shown previously on Figure 3.5 with circle designations (instrumentation such as vibrating
wire piezometers which were not used for this analysis are not shown).
2. Pre-auger: All piles were to be pre-augered, or prebored, with a 12 inch auger to a depth
of 80 feet. Pre-augering greatly reduces the volume of soil displaced by a newly installed
pile.
3. Wick Drains: A row of 200, 4 inch wick drains (specific type unavailable for this
analysis) were installed approximately 125 feet deep 3 feet on center, in a line between the
piles and the hotel approximately parallel to the face of the hotel. Wick drains were installed
shortly after Phase II commenced to help reduce the excess pore pressures in the soil mass.
4. Driving Sequence: Piles were to be driven in a direction away from the hotel while pore
pressure and ground movement monitoring occurred.
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During Phase II of the project significant ground movements were again measured despite
these mitigation strategies. The total maximum heave recorded during Phase II of the project
(which occurred near the midpoint of the long axis of the pile layout) was approximately 2.0
inches, resulting in a total vertical displacement of 3.4 inches caused by both phases of pile
installation. Figure 3.6 shows the cumulative effect the pile driving had on vertical
displacements versus time for a typical monitoring point (7D1-DMP2-102). Partial
consolidation was observed at times not only between Phase I and Phase II, but also during
each phase (i.e., settlements between each phase of driving). Figure 3.6 clearly shows some
settlement does occur before the end of each pile installation phase. Net settlements, after a
period of approximately three years, were measured to be on the order of 1.2 inches as seen
from Figure 3.7. Horizontal movements measured by the inclinometer (Figure 4.15), which
was also located near the zone of maximum heave, showed displacements of 1.25 inches
near the surface and 2.25 inches at 100 feet deep.
Other measurements, such as piezometric pressures, followed, or slightly preceded, the
measured volume changes in the same increasing and decaying manor as observed from the
vertical deformations. Pore pressures measured in the BBC near the zone of maximum heave
(and 100 feet deep), were 20 to 40 feet and 80 feet above hydrostatic at the end of Phase I
and Phase II respectively.
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Figure 3.6 Heave/Settlement vs. Short Time for a typical monitoring point
Measured Vertical Displacement vs. Time (7D1-DMP2-102)
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Figure 3.7 Heave/Settlement vs. Large Time for a typical monitoring point
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4 COMPARISON OF MEASURED AND PREDICTED GROUND DEFORMATIONS
The following sections compare the theoretical ground movements as predicted by the SSPM
with the actual ground movements measured in the field. The initial focus is on vertical
deformations at the ground surface. Subsequent sections consider vertical and horizontal
movements within the soil mass.
4.1 Comparing Vertical Deformations at the Ground Surface
4.1.1 Analysis Procedure - Phase I
The first step of the analysis was to obtain the site survey data, (i.e. locations of all
structures, piles and monitoring points) subsurface profile, pile specifications, pile driving
sequence and rates, construction procedures and the raw data from the site instrumentation.
After this was completed and the data was organized, it was a simple matter to plot the
measured vertical deformation with respect to time for each deformation monitoring point.
In some cases, the initial reference elevation was not clearly recorded and/or did not reflect
notable ground movements in the months preceding the start of Phase I pile driving.* In
these cases, a mean elevation was estimated from the preceding weeks and this extrapolated
elevation was assigned at the start of Phase I. This extrapolation is denoted by a highlighted
line on the measured data plot.
For far field surface deformations, the SSPM closed form solutions (Equation 2.2) can be
used. For this calculation, and all others discussed in this paper, the pile length was assumed
to be 175 feet (average lengths ranged from 160 feet to 190 feet), with an equivalent radius,
* These may be related to groundwater pumping, seasonal fluctuations, or other pre-construction activities.
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Req = 9.03 inches (actual piles are 16 inch square). The only other parameter needed to
calculate the influence of pile driving is the distance from the pile to the monitoring point of
interest.
Distance between the piles and selected monitoring points were obtained by digitizing and
overlaying the plans of the pile layout, pile limits, and hotel footprint and instrumentation
locations. Appendix A tabulates the coordinate locations of the piles and monitoring points.
In order to estimate the development of deformations with time, calculations were carried out
by summing individual piled sections (Section I-1 to 1-5; Table 3.1). Since the date of each
individual pile installation was not available, pile installation was assumed to occur
uniformly over the time period specified for each piled section. The periods with no pile
driving are assumed to generate zero deformation (i.e., the analysis makes no attempt to
account for effects of partial consolidation).
Figure 4.1 through Figure 4.3 compare the measured and predicted vertical deformation
versus time for Phase I of the project. Each of these figures represents the SSPM predictions
by solid lines, and the measured data is shown by dashed lines. Periods of time where no
pile installation occurred appear as horizontal lines in the SSPM prediction line. A small site
plan is located on each figure with referenced monitoring points enlarged and numbered for
convenience. Appendix B presents all of the plots at full scale.
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A comparison of the predicted maximum vertical surface settlements at the end of Phase I is
shown in Figure 4.4 as a series of contour lines. These are overlaid with points of
maximum measured vertical deformation at each monitoring point. The hotel footprint and
pile limits are also outlined in the background for reference.
From the comparisons presented, it is quite clear that the predictions calculated from the
SSPM framework directly follow observed vertical deformations with time, and model the
combined effects of pile driving rates (number of piles/unit time) and proximity of piled
sections to monitoring points. During Phase I, the SSPM predictions consistently over
predicted surface heave by approximately 0.25 to 0.75 inches. The maximum over prediction
occurred at monitoring points very close the pile driving operation. At these locations
vertical deformation was measured to be approximately 1.5 inches whereas the SSPM
predictions where approximately 0.75 inches greater. At distances far from the piles, when
less than 0.25 inches of heave was measured, the SSPM predicted very small vertical
deformations on the order of 0.5 inches. Decreases in measured heave, as mentioned above,
are observed during and after Phase I suggesting consolidation processes are occurring
which are not included in this analysis.
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Figure 4.4 Comparison of maximum vertical deformation at end of Phase I
SSPM Contours of Vertical Movement (in)
Points indicate Measured Movements(n)




MIT Department of Civil and Environmental Engineering 30
Prediction and Measurement of Ground Movements Due to Pile Driving in Clay: A Case Study in East Boston
4.1.2 Analysis Procedure - Phase II
Predictions of ground movements for Phase II pile driving were made by setting the zero
condition to match the field data at the start of Phase II (i.e., eliminating the previous
discrepancies, and effects of partial consolidation). The SSPM analyses ignore the
consolidation effects of the wick drains, and consider three installation conditions 1) no pre-
augering (simulation identical to Phase I); and 2) pre-augering to a depth of 80 feet (Lo/L =
80/175 = 0.46 in equation 2.3) with a pre-auger diameter of 12 inches as specified in the
package of project information supplied; and 3) a third case considers full diameter pre-auger
of 18 inches (corresponding to the full cross-sectional area of square piles used on site) as a
more realistic pre-auger diameter considering several inches of over-boring around the
circumference of the hole. Figure 4.5 and Figure 4.6 show a typical comparison of the three
SSPM results with measured data from one monitoring point (7D1-DMP2-103).
Figure 4.5 SSPM Prediction using 12" dia. pre-auger
Vertical Deformation vs. Time (7D1-DMP2-103)
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Figure 4.6 SSPM Prediction using 18" dia. pre-auger
Vertical Deformation vs. Time (7D1-DMP2-103)
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As seen from the figures, pre-augering significantly reduces the predicted settlements, while
uncertainties in the volume of soil extracted plays a secondary role. The exact diameter lies
somewhere between the two extremes assumed in the analyses. The measured data are in
particularly good agreement with the 18 inch pre-auger case, and this has been assumed in all
subsequent figures.
Figure 4.7 through Figure 4.11 compare the measured and predicted vertical deformation
versus time for Phase II of the project. In all plots the solid line represents the predictions
with no pre-augering, the dashed line with x's represent predictions with 80 feet pre-augering
(18 inch diameter equivalent), and the dotted line represents the actual deformation measured
in the field. Again a small site plan is located on each figure with referenced monitoring
points enlarged and numbered for convenience. It should be noted that all results at the end
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of Phase I show combined effects of Phase I and Phase II as the measurements were not re-
zeroed (therefore predictions ignore corrections between the two phases). Appendix C
presents all of the plots at full scale.
Figure 4.12 and Figure 4.13 summarize the predictions of maximum vertical settlement at
the end of Phase II pile driving (for no preboring and 18 inch pre-boring conditions
respectively) as contour lines. The value of the maximum measured vertical deformation at
each monitoring point is overlaid for comparison. Again, the hotel footprint and pile limits
are also outlined in the background for reference.
Comparisons of measured versus predicted deformations for Phase II of the project were very
similar to those observed from Phase I with regard to following vertical displacements, but
considerably more accurate in predicting actual deformations when pre-augering was
considered. As would be expected, the SSPM results ignoring pre-augering significantly
over predicted surface heave by 1.0 to 2.0 inches. But when pre-augering was accounted for,
the deformations predicted by the SSPM were remarkable close to the measured values with
some results being slightly higher than measured values and other results being slightly lower
than measured results. In almost all cases, with deformations ranging from 0.25 to 3.0
inches, the predicted values fell within 0.25 inches of the measured heave. The only cases
where the SSPM predictions varied from the measured values were cases when the measured
heave was extremely small or even negative (indicating settlement).
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Figure 4.8 Phase II Comparison plots of surface settlements
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Figure 4.10 Phase II Comparison plots of monitoring points on Hotel foundation
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Figure 4.12 Maximum Vertical deformation comparison after Phase II
SSPM Contours of Vertical Movement (in)
Points indicate Measured Movements (in)
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Figure 4.13 Maximum Vertical deformation comparison after Phase II (w/ preboring)
SSPM (w/Preboring) Contours of Vertical Movement (in)
Points indicate Measured Movements (in)
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4.2 Comparing Subsurface Vertical and Horizontal Deformations
After surface deformations had been fully investigated, the SSPM framework was further
tested by examining its potential to predict both vertical and horizontal ground movements at
various depths within the soil mass. To do this, numerical integration techniques were
needed because the closed form solutions for radial and vertical deflections stated earlier do
not apply. Calculations were carried out using computer code based on Sagaseta et al. 1997.
The program only needed basic input parameters such as pile length normalized to the pile
diameter and the distance from the pile to the point of interest normalized to the pile length,
as well as a few integration specifications to complete the calculation.
4.2.1 Procedure for Comparing Vertical Deformations with Depth
In order to analyze the accuracy of the vertical deformations predicted by SSPM at different
depths, measured data from a multipoint heave gauge was used. 7D1-MPHG-55998 was
located within 20 feet of the southern face of the Hilton Hotel and approximately equidistant
from each end of the pile driving limits as seen in Figure 3.5. Using the data supplied, the
records of vertical deflection could be plotted for Phase II of the project at ten different
depths ranging from 10 feet below the ground surface to 170 feet below ground surface.
Again, SSPM predictions were generated for cases assuming no pre-augering and 80 feet pre-
augering (with 18 inch equivalent diameters).
The results (Figure 4.14) show that the SSPM is able to predict reliably the transitions from
heave to settlement with depth in the clay layer. The analysis with no pre-augering greatly
over predicts the measured vertical deformations (by approximately 1.0 to 2.0 inches at
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shallow depth). However, the pre-augered predictions describes very closely the measured
vertical displacements (with less than 0.25 inches). This is true for shallow depths where
heave deformations are on the order of 1.5 inches as well as large depths where settlements
of 0.25 inches occurred.
Figure 4.14 Subsurface Vertical deformation comparison
SSPM Predictions vs. Measured Data vs Depth
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4.2.2 Procedure for Comparing Horizontal Deformation with Depth.
In order to evaluate SSPM predictions of horizontal displacements at various depths,
predictions were compared with measured data from inclinometer 7D1-INCL-56000, located
just southeast of the MPHG, aligned along the face of the Hilton Hotel (Figure 3.5). The A-
direction of the inclinometer was oriented perpendicular to the hotel face, while the B-
direction was oriented parallel to the hotel face. Horizontal displacements with respect to
depth were scaled (from a supplied plot) at increments of 5 to 10 feet.
The SSPM predictions of horizontal displacement with depth were made by considering a
line of points at 20 foot increments to generate individual radial displacements caused by the
installation of a single pile. The results were then converted to the Cartesian frame to reflect
variations in the angle between the pile and the inclinometer and the reference A-axis of the
instrument.
Calculations were performed for both no pre-augering and 80 foot pre-augering. Figure 4.15
shows the measured and predicted horizontal displacements with depth in the A-direction of
the inclinometer. The dotted line represents the measured values, the thin gray line
represents the SSPM predictions ignoring the pre-augering, and the heavy dark line
represents the SSPM predictions considering pre-augering. It should also be noted that the
dates inclinometer readings were taken did not correspond to the end dates of particular pile
sections (Section 11-1 through 11-5). Three sets of inclinometer readings and predicted
deformations were chosen that had dates only a few days apart. Some differences between
the measured and predicted deformations occur because the dates do not correspond exactly.
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Figure 4.15 Subsurface Horizontal deformation comparison
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As expected, SSPM predictions with no pre-augering greatly over predict the horizontal
ground movements in the upper 80ft-100ft. Although they will not be discussed any further,
it is interesting to observe the large effect of pre-augering on lateral movements within the
soil mass. The SSPM predictions with pre-augering also have obvious limitations. The
current calculations do not consider the constraint associated with pile embedment in the
underlying glaciomarine strata. As a result, the SSPM predicts up to 1.7 inches of horizontal
displacement at the base of the clay layer, while measured data show almost no lateral
deflections at the base of the clay. Despite this obvious limitation, the model computes quite
reasonable magnitudes of maximum lateral deflections up to 2.1 inches at depth of 1 Oft.
The model (with 18 inch pre-augering) underestimates the measured lateral deflections in the
upper 80 feet of soil. Approximately 80 feet below the surface the predicted and measured
values slightly diverged with maximum differences of approximately 0.50 inches. Surface
deflections were represented quite well, for the most part by the SSPM theory with
differences of approximately 0.1 inches, 0.25 inches and 0.45 inches for measured
displacements of 0.3 inches, 0.8 inches and 1.3 inches respectively. Further refinements in
SSPM analyses are needed, however, to represent the effect of the rigid base on the measured
lateral soil movements.
5 SUMMARY CONCLUSIONS AND RECOMMENDATIONS
As seen from the large amount of data presented above, in almost every case the Shallow
Strain Path Method prediction accurately modeled the real soil behavior. This was entirely
true for both surface and subsurface deformations in the vertical direction and partially true
for subsurface deformations in the horizontal direction.
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Differences between the measured and predicted values for all cases could have come about
from a variety of uncertainties used in the formulation of the theoretical deformations. Some
examples of possible uncertainties contributing to errors include, pile lengths differing by 30
feet, non-homogeneous subsurface conditions, unknown detailed driving sequence, unknown
exact pre-auger diameter as well as human error in measuring data or scaling distances from
figures. These errors could be either compensating or additive which means some unknown
error does exits in the analysis presented above. These individual sources of error are very
minor and even when added together would not result in any significant impact on the
general results stated in this text.
Considering the proceeding analysis, it appears that the SSPM accurately predicts the vertical
(and partial horizontal) soil deformations caused by the driving or jacking of piles into low
permeability clay. Using the SSPM framework, which can be simply applied to many real
world projects, ground movements may be closely predicted without the need of empirical
correlations. The SSPM framework also provides subsurface deformation information which
could certainly prove to be useful in may situations. Because the SSPM method is relatively
new, however, the optimal solution would be to compare previously tested and proven
empirical correlations with the predictions obtained from the SSPM to obtain an accurate
picture of possible ground movements. Lastly, the above analysis could be improved upon
by including more tests of horizontal and vertical deformations with depth and considering a
ridge base. Only two instruments were available for this study to perform such analysis and
results obtained could certainly be improved upon with the luxury of additional monitoring
data.
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APPENDIX A
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Distances to Mont. Pts.
Phase
Pile and Monitoring Point Coordinates and Calculated Distances
Monitoring Pt 7D1-DMP1-1 18-DMP1-1 19-DMP1-120-DMP1-122-DMP1-123-DMP1-124-DMP1-125-DMP1-52785
x-Coordinate 34.50 100.50 191.50 168.50 229.75 281.75 345.75 66.50
y-Coordinate 51.00 59.25 18.25 236.25 315.50 377.75 446.75 91.75
Phase I Max Dist. 352.10 322.91 361.44 145.24 203.64 279.37 371.14 302.15
Min. Dist. 169.01 161.43 234.92 67.65 62.20 102.85 184.17 125.25
Average Dist. 278.59 259.22 309.60 107.51 120.40 178.25 264.21 231.40
Phase I Max Dist. 381.86 343.76 359.38 154.51 187.50 266.13 359.40 330.39
Min. Dist. 158.99 133.63 194.10 30.73 23.57 44.84 130.42 108.63
Average Dist. 282.06 252.28 289.40 90.41 87.87 144.18 234.56 231.83
Phase I & 11 Max Dist. 381.86 343.76 361.44 154.51 203.64 279.37 371.14 330.39
Min. Dist. 158.99 133.63 194.10 30.73 23.57 44.84 130.42 108.63
Average Dist. 280.27 255.85 299.81 99.23 104.64 161.75 249.85 231.61
Pile coordinants Distance (ft) to:

















































































































































































































































309.26 292.79 344.65 131.78
312.94 296.09 347.25 133.61
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Pile coordinants Distance (ft) to:
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Pile coordinants Distance (ft) to:
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Pile coordinants Distance (ft) to:
x y 7D1-DMP1-1 18-DMP1-1 19 -DMP1-120 -DMP1-122 -DMP1-123 -DMP1-124 -DMP1-125 -DMP1-52785
219.51 374.27 372.47 336.75 357.12 147.14 59.66 62.34 145.57 321.29
224.00 374.40 374.83 338.48 357.63 148.88 59.18 57.85 141.62 323.57
Section 3
162.50 320.00 297.90 268.02 303.14 83.96 67.40 132.50 222.81 247.62
167.25 326.50 305.81 275.46 309.20 90.26 63.46 125.45 215.23 255.46
171.25 332.25 312.73 282.02 314.65 96.04 60.85 119.50 208.71 262.32
173.00 322.50 304.79 273.05 304.81 86.37 57.18 121.98 212.79 254.14
176.25 338.50 320.55 289.34 320.61 102.54 58.23 112.56 201.12 270.06
178.00 328.00 311.96 279.70 310.04 92.24 53.24 115.06 205.53 261.24
179.00 318.00 303.59 270.40 300.01 82.42 50.81 118.86 210.67 252.68
180.00 342.75 326.02 294.44 324.70 107.12 56.72 107.60 195.68 275.47
181.50 347.75 331.16 299.66 329.65 112.26 58.04 104.64 191.78 280.64
181.75 333.50 318.57 286.03 315.40 98.15 51.26 109.35 199.30 267.82
184.00 323.50 310.82 277.13 305.34 88.62 46.44 111.80 203.36 259.84
185.75 313.00 302.52 267.69 294.81 78.66 44.07 115.80 208.54 251.34
186.50 338.50 325.21 292.19 320.29 103.82 48.99 103.02 192.56 274.38
187.50 343.50 330.10 297.27 325.27 108.92 50.69 100.28 188.95 279.32
187.75 329.25 317.66 283.75 311.02 94.97 44.19 105.77 196.90 266.66
188.25 354.75 340.45 308.25 336.52 120.13 57.12 96.29 182.40 289.81
189.25 318.50 309.04 274.02 300.26 84.83 40.61 109.85 202.34 257.84
192.00 333.75 323.66 289.35 315.50 100.29 41.93 99.96 190.81 272.61
192.75 351.00 339.18 305.99 332.75 117.28 51.28 92.93 180.49 288.36
193.75 339.00 329.10 294.88 320.76 105.81 42.99 96.15 186.32 278.07
193.75 324.25 316.27 280.93 306.01 91.55 37.05 102.99 195.22 265.04
194.00 355.00 343.30 310.18 336.76 121.46 53.28 90.65 177.33 292.50
199.00 346.00 337.77 303.20 327.84 113.91 43.31 88.63 178.01 286.70
199.00 329.50 323.45 287.64 311.34 98.11 33.79 95.79 187.84 272.18
200.00 333.75 327.62 291.98 315.61 102.46 34.90 92.84 184.42 276.38
204.00 342.50 337.20 301.57 324.49 112.02 37.31 85.37 175.96 285.98
204.50 330.00 326.71 290.04 312.02 100.42 29.12 90.82 183.25 275.33
207.25 333.75 331.35 294.53 315.89 104.92 28.97 86.52 178.75 279.95
208.50 349.50 345.51 309.69 331.69 120.11 40.09 78.51 168.21 294.28
209.25 327.25 326.88 289.22 309.51 99.71 23.63 88.35 181.42 275.39
209.75 337.00 335.42 298.46 319.27 108.87 29.36 82.73 174.76 284.02
211.75 341.25 340.09 303.15 323.63 113.56 31.42 78.94 170.55 288.70
212.00 331.00 331.52 293.74 313.42 104.26 23.57 83.97 176.88 280.02
213.75 345.00 344.33 307.37 327.51 117.79 33.56 75.48 166.66 292.95
214.25 334.25 335.47 297.60 316.82 108.15 24.33 80.30 173.06 283.97
216.25 348.75 348.84 311.78 331.43 122.21 35.89 71.63 162.40 297.45
216.50 339.00 340.69 302.85 321.72 113.41 26.98 75.89 168.27 289.19
218.75 342.25 344.64 306.71 325.14 117.31 28.92 72.31 164.47 293.14
219.75 355.25 356.21 319.12 338.18 129.57 40.99 65.96 155.72 304.82
221.50 345.75 349.07 311.00 328.87 121.65 31.35 68.22 160.12 297.56
223.25 349.75 353.38 315.37 333.02 126.02 34.86 64.86 156.25 301.89
226.00 356.25 360.35 322.43 339.76 133.06 40.92 59.75 150.10 308.87
Section 4
101.00 244.50 204.61 185.25 243.68 68.00 147.03 224.56 317.50 156.60
105.50 251.75 212.94 192.56 248.83 64.88 139.65 216.66 309.43 164.68
107.50 241.00 203.54 181.88 238.06 61.18 143.16 221.50 314.80 154.78
110.50 259.00 221.45 200.00 254.01 62.30 131.96 208.39 300.99 172.94
112.25 247.75 211.56 188.87 242.80 57.41 135.63 213.61 306.80 162.57
114.00 236.25 201.59 177.51 231.37 54.50 140.28 219.46 313.08 152.11
115.50 266.50 230.22 207.79 259.62 61.03 124.31 200.04 292.41 181.49
117.25 255.50 220.61 196.96 248.60 54.75 127.50 204.95 297.97 171.43
119.00 243.75 210.46 185.43 236.87 50.06 131.96 210.82 304.34 160.81
119.75 272.75 237.57 214.37 264.42 60.90 118.02 193.05 285.22 188.67
121.75 262.00 228.33 203.86 253.53 53.37 120.52 197.48 290.36 178.99
122.50 250.00 217.59 192.01 241.80 48.01 125.67 204.16 297.58 167.87
124.25 280.00 245.96 222.02 270.25 62.23 111.31 185.37 277.25 196.91
125.25 239.25 208.98 181.69 230.72 43.35 129.36 208.98 302.78 158.77
125.75 268.50 235.87 210.77 258.74 53.55 114.13 190.45 283.15 186.42
127.75 258.00 227.03 200.61 248.08 46.19 117.09 195.08 288.36 177.17
129.25 246.75 217.48 189.69 236.83 40.63 121.77 201.04 294.74 167.22
129.25 285.50 252.92 228.07 274.40 62.98 104.88 178.23 269.95 203.66
130.25 275.00 243.61 217.79 263.95 54.45 107.43 183.06 275.57 194.02
131.25 235.00 207.89 178.42 224.97 37.27 127.21 207.43 301.41 157.20
131.75 263.75 233.92 206.87 252.67 45.90 110.82 188.40 281.58 183.96
133.25 253.25 225.07 196.74 242.11 39.14 114.84 193.78 287.40 174.75
133.25 292.75 261.14 235.79 280.61 66.59 99.15 171.11 262.44 211.79
135.00 282.75 252.60 226.15 270.47 57.31 100.25 174.82 267.04 202.91
135.50 242.00 216.06 186.07 230.65 33.50 119.52 199.54 293.48 165.34
137.00 271.00 242.71 214.87 258.56 46.90 102.87 179.86 272.88 192.62
138.50 260.00 233.45 204.31 247.49 38.26 106.80 185.43 278.98 183.01
140.25 288.50 259.98 232.67 275.07 59.40 93.48 167.30 259.37 210.12
140.50 249.25 224.81 194.16 236.56 30.87 111.15 190.96 284.84 174.02
141.50 277.25 250.28 221.82 263.78 49.09 96.18 172.54 265.42 200.09
143.25 267.25 242.06 212.35 253.63 39.98 99.05 177.18 270.60 191.55
144.00 295.75 268.13 240.47 281.54 64.35 88.00 160.31 252.00 218.23
144.75 255.75 232.55 201.42 242.06 30.73 103.90 183.45 277.28 181.71
145.75 283.75 257.97 229.01 269.41 52.67 89.80 165.32 258.01 207.71
147.00 273.75 249.55 219.48 259.35 43.23 92.69 170.22 263.50 199.01
148.75 301.75 275.55 247.25 286.71 68.41 82.16 153.18 244.61 225.53
149.25 262.00 240.18 208.53 247.38 32.15 96.66 175.94 269.71 189.30
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Pile coordinants Distance (ft) to:
x y 7D1-DMP1-1 18-DMP1-119-DMP1-120-DMP1-122-DMP1-123-DMP1-124-DMP1-125-DMP1-52785
151.25 290.75 266.67 237.00 275.46 57.16 82.31 156.84 249.33 216.30
152.00 280.50 257.83 227.16 265.21 47.23 85.26 162.15 255.30 207.21
153.50 308.00 283.21 254.33 292.23 73.30 76.62 145.99 237.09 233.09
153.75 269.25 248.70 216.65 253.82 36.15 88.97 167.80 261.48 197.78
154.75 297.25 274.04 244.10 281.41 62.53 77.19 150.36 242.55 223.65
157.00 287.00 265.90 234.65 270.96 52.04 78.13 154.27 247.28 215.20
157.75 313.75 290.22 260.86 297.42 78.24 72.02 139.54 230.29 240.02
158.75 276.00 257.03 224.44 259.82 40.93 81.25 159.63 253.23 206.05
159.25 303.25 281.41 250.97 286.82 67.64 71.56 143.38 235.32 230.94
160.75 293.25 273.17 241.63 276.71 57.52 72.50 147.58 240.39 222.45
163.50 282.25 264.80 231.73 265.48 46.27 74.13 152.00 245.51 213.77
164.50 309.25 289.12 258.06 292.25 73.11 65.55 135.79 227.50 238.56
166.00 298.75 280.49 248.30 281.66 62.55 65.91 140.14 232.84 229.67
167.75 288.25 272.11 238.67 271.04 52.01 67.72 144.94 238.34 221.05
168.25 315.75 296.62 265.30 298.41 79.50 61.50 129.33 220.61 246.03
169.75 305.75 288.43 256.04 288.32 69.51 60.79 133.15 225.51 237.61
172.00 294.50 279.64 245.88 276.94 58.36 61.45 137.75 231.02 228.56
175.50 311.25 295.99 262.92 293.44 75.33 54.42 125.34 217.59 245.07
177.25 300.75 287.67 253.40 282.86 65.09 54.53 129.80 222.95 236.53
181.25 306.75 294.86 260.34 288.68 71.64 49.28 123.05 216.01 243.71
Section 5
72.75 213.00 166.45 156.23 228.10 98.53 187.50 266.13 359.40 121.41
77.25 220.50 174.81 162.92 232.29 92.60 179.67 257.97 351.11 129.20
79.75 209.00 164.35 151.18 221.07 92.84 183.96 263.21 356.76 118.00
81.75 228.00 183.20 169.79 236.73 87.14 171.93 249.85 342.85 137.10
83.50 216.00 172.12 157.67 225.32 87.38 176.89 255.86 349.31 125.41
85.75 205.00 162.30 146.49 214.61 88.45 181.51 261.26 355.03 114.87
85.75 234.50 190.52 175.87 240.72 82.77 165.22 242.77 335.63 144.04
88.00 222.75 179.89 163.98 229.20 81.62 169.40 248.12 341.48 132.75
90.25 212.25 170.62 153.34 218.83 81.85 173.55 253.11 346.80 122.82
91.00 241.25 198.46 182.25 244.60 77.66 157.37 234.56 327.30 151.49
92.50 201.00 160.82 141.98 207.84 83.78 178.74 258.95 352.89 112.30
93.00 230.50 188.79 171.41 233.99 75.72 161.01 239.39 332.64 141.26
94.25 219.25 178.54 160.12 223.29 76.17 166.21 245.52 339.13 130.48
96.25 237.75 196.69 178.55 239.28 72.27 154.49 232.40 325.47 149.00
96.50 208.00 168.80 148.80 212.20 77.34 171.21 251.26 345.15 120.06
98.75 226.25 186.66 167.01 227.74 70.46 158.51 237.57 331.10 138.31
98.75 197.50 159.97 138.26 201.82 79.79 176.31 256.86 350.91 110.56
101.50 214.50 176.70 155.25 215.90 70.44 163.25 243.19 337.04 127.64
103.00 204.75 168.32 145.52 206.43 72.68 168.32 248.76 342.77 118.75
103.25 233.50 195.02 174.27 232.64 65.31 150.75 229.50 322.93 146.44
105.25 222.50 185.52 163.32 221.71 64.73 155.40 235.06 328.83 136.37
106.50 192.75 158.99 133.63 194.10 75.74 173.95 254.83 348.94 108.63
106.75 211.50 176.01 152.38 211.02 66.53 161.07 241.38 335.36 126.33
108.75 229.00 192.87 169.95 226.41 60.19 148.74 228.16 321.84 143.61
110.00 200.00 167.04 141.07 199.19 68.82 166.37 247.17 341.27 116.66
111.75 219.00 184.91 160.15 216.01 59.31 152.43 232.60 326.54 135.06
114.25 206.75 174.98 148.14 203.72 61.75 158.64 239.37 333.46 124.52
116.00 225.00 192.14 166.47 220.10 53.69 145.36 225.40 319.31 142.15
118.00 213.25 182.48 154.99 208.39 55.49 151.47 232.11 326.18 131.96
119.25 232.75 200.54 174.51 226.34 49.37 138.05 217.79 311.61 150.54
122.25 220.00 190.42 162.21 213.30 49.02 143.79 224.33 318.38 139.84
126.75 228.25 199.82 171.03 219.76 42.51 134.99 215.35 309.36 149.21
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Pile and Monitoring Point Coordinates and Calculated Distances
Monitoring Pts: -DMP1 -52786 -DMP1 -52787 -DMP1 -55992 -DMP1 -55993 -DMP1 -55994
112.75 401.50 211.00 373.25 430.00
165.25 516.75 39.75 133.00 296.50
Distance Summaries: 217.43 458.03 345.28 350.80 390.26
69.57 266.60 228.85 287.86 255.24
154.88 348.40 294.93 318.69 316.15
243.57 447.59 336.00 310.97 366.88
28.20 217.31 185.28 254.22 206.53
148.46 321.92 271.94 278.68 273.22
243.57 458.03 345.28 350.80 390.26
28.20 217.31 185.28 254.22 206.53
151.77 335.57 283.79 299.31 295.36
7D1 -DMP2- 101 -DMP2-102 -DMP2-103 -DMP2-104 -DMP2-105
258.00 240.50 196.50 156.00 173.75
303.75 293.25 236.75 183.25 133.50
225.28 205.31 157.07 192.67 245.11
91.94 85.08 85.44 89.17 136.12
148.09 133.72 123.45 145.47 196.09
206.28 185.96 143.81 207.92 249.40
53.33 46.18 53.57 47.91 89.63
111.41 99.71 99.22 129.09 176.49
225.28 205.31 157.07 207.92 249.40
53.33 46.18 53.57 47.91 89.63
130.32 117.25 111.71 137.54 186.59
Pile Coordinates and
Distances to Mont. Pts.
Phase I
Distance (ft) to:









































































































































































































































































































186.89 338.76 329.59 345.91 329.21
190.07 335.22 331.97 346.24 327.56
193.79 332.33 335.15 347.71 327.03
106.19 94.93 111.34 158.27 208.54
128.68 115.93 120.95 158.93 210.89
130.44 116.66 116.84 152.32 204.52
125.01 111.11 112.00 149.10 201.08
122.53 109.51 114.86 154.33 206.03
127.43 115.77 125.46 165.68 217.38
118.06 104.79 110.20 150.75 202.24
115.03 102.86 113.53 156.67 207.76
107.40 94.92 106.56 151.75 202.35
121.43 109.35 118.74 160.03 211.50
112.81 101.66 116.66 161.78 212.52
100.34 87.66 100.77 148.10 198.13
136.55 123.95 128.03 163.95 216.20
137.16 123.72 124.01 158.02 210.42
119.41 108.43 122.48 165.97 217.09
103.68 93.78 115.42 164.44 214.22
93.93 85.08 112.62 165.07 213.75
95.99 85.64 108.11 158.85 208.04
98.13 86.58 104.46 153.54 203.17
103.65 89.71 96.66 141.50 192.03
110.97 97.40 103.53 146.12 197.19
120.66 106.49 107.25 145.41 197.20
114.18 99.62 100.42 140.39 191.84
107.02 92.03 93.08 135.31 186.27
111.84 95.95 90.76 129.60 181.06
117.44 101.94 97.02 134.06 185.86
124.24 109.15 104.51 139.59 191.71
128.03 113.12 108.40 142.37 194.64
131.89 117.17 112.51 145.47 197.86
134.92 119.42 110.02 139.96 192.54
128.22 112.33 102.34 134.00 186.40
120.95 104.72 94.80 128.87 180.97
115.54 98.93 88.41 124.24 176.05
119.83 102.43 85.44 117.35 169.51
126.00 109.06 93.36 123.36 175.78
130.81 114.17 99.18 127.78 180.35
137.47 121.13 106.42 133.01 185.72
141.25 124.19 104.16 126.73 179.54
136.05 118.69 97.73 121.60 174.36
130.72 113.04 91.11 116.54 169.19
136.22 118,05 91.02 111.64 164.44
139.88 122.00 96.46 116.45 169.27
144.43 126.79 102.07 120.87 173.69
148.76 130.58 100.93 115.09 167.83
144.78 126.43 96.13 111.37 164.16
141.21 122.64 91.15 107.12 159.94
145.97 127.04 91.35 102.52 155.25
149.65 130.92 96.49 107.02 159.67
153.09 134.49 100.62 110.24 162.79
91.94 85.22 118.95 173.39 221.39
96.78 89.30 119.81 172.63 221.26
102.67 94.34 120.98 171.72 221.06
108.26 99.33 122.80 171.62 221.54
113.82 104.22 124.28 171.00 221.46
119.78 109.69 126.78 171.37 222.33
125.83 115.22 129.21 171.51 222.92
131.48 120.44 131.71 171.86 223.62
137.65 126.20 134.70 172.51 224.60
142.04 130.14 136.10 171.91 224.23
159.95 147.23 146.85 176.14 228.91
158.83 146.51 148.05 178.64 231.36
158.91 147.02 150.34 181.93 234.61
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Distance (ft) to:



























































































































































































































































































































































































































7D1-DMP2-101 -DMP2-102 -DMP2-103 -DMP2-104 -DMP2-105
154.24 141.83 143.66 175.18 227.85
153.94 142.10 146.38 179.30 231.90
157.23 146.98 157.07 192.67 245.11
155.39 144.77 153.69 188.90 241.37
153.17 142.05 149.33 183.99 236.47
153.22 143.25 154.90 191.88 244.18
151.34 140.98 151.47 188.10 240.43
147.40 136.68 146.39 183.20 235.48
149.68 139.96 153.05 191.26 243.42
147.76 137.65 149.59 187.48 239.66
145.74 136.32 151.07 190.67 242.65
143.76 133.94 147.56 186.87 238.86
141.59 131.29 143.47 182.40 234.42
141.82 132.73 149.21 190.18 241.95
139.80 130.29 145.66 186.37 238.16
135.28 125.44 140.35 181.52 233.20
138.15 129.38 147.54 189.81 241.36
136.08 126.89 143.97 186.01 237.58
134.10 125.72 145.82 189.51 240.81
131.98 123.16 142.20 185.71 237.00
129.83 120.46 138.04 181.22 232.54
130.29 122.30 144.30 189.33 240.35
128.12 119.69 140.65 185.53 236.55
124.66 115.82 136.06 181.14 232.07
126.95 119.33 143.06 189.27 240.02
124.73 116.66 139.38 185.47 236.22
119.33 110.98 133.85 180.75 231.26
123.86 116.61 141.99 189.29 239.77
121.57 113.86 138.28 185.49 235.97
120.39 113.58 140.88 189.40 239.56
118.05 110.78 137.15 185.60 235.75
113.13 105.49 131.78 180.86 230.79
116.39 110.13 139.74 189.65 239.41
113.96 107.24 135.99 185.86 235.60
113.25 107.47 138.95 189.94 239.36
110.76 104.51 135.18 186.17 235.56
108.03 101.12 130.54 181.43 230.81
109.38 104.24 138.12 190.43 239.40
106.82 101.20 134.33 186.67 235.60
102.66 96.61 129.51 182.27 231.00
106.55 101.92 137.61 190.88 239.49
103.92 98.81 133.81 187.13 235.70
210.46 190.20 131.74 95.89 136.12
204.29 184.12 127.54 96.05 138.71
186.88 168.55 132.67 130.44 180.91
182.46 164.52 132.05 134.00 185.16
195.12 174.98 119.43 91.71 136.65
178.34 160.82 131.84 137.77 189.46
178.90 160.34 123.39 122.17 173.10
188.29 168.25 114.75 91.96 138.85
175.51 158.51 133.39 143.07 195.15
174.80 156.62 123.21 126.29 177.81
179.78 160.20 113.35 101.65 151.22
181.91 162.02 111.08 93.70 142.24
173.85 155.05 116.54 115.30 166.45
171.28 154.83 133.72 147.40 199.81
170.46 152.76 123.49 131.16 183.19
173.86 154.54 111.14 105.09 155.74
175.94 156.18 107.52 94.94 144.70
168.72 150.32 115.85 119.75 171.55
168.11 152.25 135.05 152.20 204.82
166.51 149.27 123.75 135.36 187.73
168.22 149.17 109.02 108.02 159.46
164.27 146.27 115.63 123.97 176.20
169.62 150.09 104.75 98.12 148.98
165.00 149.78 136.51 156.95 209.70
163.08 146.35 124.59 139.76 192.36
171.56 151.67 101.71 89.17 139.30
163.71 145.00 108.60 112.44 164.41
160.62 143.06 116.15 128.36 180.86
160.26 144.14 126.54 145.23 197.96
163.25 143.96 102.01 101.10 152.78
164.82 145.11 98.16 91.65 142.86
158.50 140.19 107.90 116.78 169.18
156.51 139.54 117.27 133.85 186.56
157.63 138.63 100.32 104.75 156.97
154.36 136.50 108.39 121.67 174.31
153.79 137.46 119.65 139.83 192.63
158.27 138.78 95.26 94.87 146.84
149.78 132.46 109.01 126.83 179.62
152.04 132.80 92.90 98.31 150.76
146.82 130.12 111.26 132.77 185.59
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Distance (ft) to:
-DMP1 -52786 -DMP1-52787 -DMP1-55992 -DMP1-55993 -DMP1-55994 7D1 -DMP2-1 01 -DMP2-102 -DMP2-103 -DMP2-104 -DMP2-105
Section 4
91.97 458.03 250.68 341.07 390.26 225.28 205.31 150.99 119.08 159.25
95.42 450.48 254.67 340.29 385.73 219.63 199.80 147.50 119.41 161.62
84.50 455.20 243.42 333.55 384.30 220.25 200.18 144.52 111.42 151.60
98.75 442.00 258.12 338.55 380.11 212.98 193.31 143.20 119.28 163.48
87.74 446.31 247.11 331.68 378.37 213.09 193.14 139.55 110.80 153.40
102.35 434.74 261.48 337.40 375.49 207.50 188.00 140.00 119.90 165.64
76.73 452.82 235.81 325.90 378.51 215.58 195.40 138.24 103.58 143.65
91.55 439.21 250.85 330.86 374.00 207.70 187.88 136.29 111.43 155.81
107.55 427.30 266.14 337.27 371.37 202.45 183.18 137.85 122.05 169.23
80.23 445.12 239.62 324.71 373.58 209.43 189.35 134.04 103.43 145.78
112.61 419.46 270.38 336.57 366.69 196.96 177.95 135.42 124.04 172.50
95.66 430.84 254.47 329.24 368.46 201.13 181.48 132.23 111.89 158.09
84.62 435.84 243.72 322.87 367.39 201.94 181.99 129.00 103.41 148.15
100.51 423.80 258.63 328.82 364.34 196.09 176.64 129.82 113.70 161.26
118.01 411.44 274.70 335.88 361.90 191.46 172.74 133.28 126.43 176.00
89.57 428.19 248.04 322.16 362.75 196.16 176.37 125.74 104.77 151.26
106.46 415.78 263.54 328.53 359.77 190.55 171.35 127.59 116.35 165.24
78.42 433.89 237.32 316.23 362.36 197.83 177.77 123.31 96.55 141.42
94.48 420.70 252.01 321.25 358.06 190.49 170.87 122.67 106.27 154.22
112.59 407.95 268.46 328.39 355.38 185.33 166.43 125.89 119.45 169.40
82.75 426.30 240.81 314.75 357.25 191.66 171.72 119.29 97.07 143.72
100.11 412.53 256.35 320.29 352.94 184.39 164.99 119.68 108.37 157.65
88.63 418.27 245.50 314.06 352.35 185.57 165.79 116.05 99.08 147.35
106.87 404.68 261.72 320.46 348.69 179.15 160.04 118.14 111.99 162.33
Section 5
170.35 353.33 315.96 341.02 333.73 162.53 148.01 138.77 162.28 215.09
159.36 356.03 304.67 331.89 329.17 157.34 141.93 128.79 150.99 203.80
178.57 346.00 322.72 343.35 331.35 160.98 147.33 142.57 169.10 221.92
166.65 348.85 310.39 333.25 326.16 154.80 140.14 131.38 156.77 209.59
155.57 352.72 299.20 324.77 322.66 150.71 135.08 121.84 145.56 198.38
175.03 341.20 317.18 335.43 323.47 152.92 139.18 135.21 163.74 216.50
162.75 345.60 304.78 326.00 319.56 148.00 133.12 124.37 151.29 204.07
182.00 334.18 322.59 336.71 320.54 150.91 138.00 138.20 169.42 222.08
151.01 350.51 293.02 317.48 316.62 144.54 128.57 114.57 139.47 192.27
169.78 338.65 310.23 327.28 316.60 145.64 131.55 127.18 157.00 209.68
157.60 343.32 297.81 317.85 312.85 141.04 125.76 116.27 144.52 197.22
177.35 332.13 316.49 329.64 314.63 144.54 131.33 131.26 163.55 216.12
165.99 335.80 304.62 320.09 310.17 138.95 124.61 120.29 151.67 204.23
181.80 326.07 319.29 328.92 310.84 141.44 128.88 132.16 166.75 219.15
Phase 2
Section 1
210.14 268.24 325.63 300.53 257.99 97.77 92.44 128.19 182.47 230.61
214.63 265.26 330.14 303.75 258.75 100.28 95.68 132.67 187.06 235.20
216.31 261.26 329.87 300.87 254.22 96.78 92.93 132.34 187.89 235.52
212.99 262.23 325.56 296.50 251.37 92.69 88.50 128.03 184.05 231.44
217.80 257.91 329.70 298.49 250.42 93.93 90.74 132.20 188.68 235.88
215.74 256.87 325.68 293.03 245.50 88.41 85.36 128.27 185.73 232.41
219.46 254.37 329.58 295.99 246.38 90.99 88.55 132.19 189.62 236.33
221.08 251.06 329.51 293.67 242.58 88.31 86.63 132.29 190.57 236.82
209.27 257.61 315.41 280.99 236.35 76.65 73.30 118.34 177.55 223.17
218.93 250.95 325.90 289.21 238.93 83.87 82.22 128.84 187.78 233.62
222.97 247.37 329.49 291.11 238.34 85.45 84.65 132.55 191.74 237.45
221.10 246.54 325.52 285.62 233.36 79.90 79.41 128.93 189.01 234.12
224.72 244.10 329.52 288.88 234.57 83.01 83.06 132.92 192.87 238.08
212.09 252.81 315.53 277.55 230.61 72.48 70.47 118.96 179.40 224.23
226.75 240.46 329.62 286.42 230.33 80.43 81.46 133.47 194.22 238.87
224.73 240.55 326.02 281.88 226.59 75.88 77.11 130.22 191.57 235.75
215.97 246.76 316.02 273.53 223.50 67.80 67.69 120.35 182.15 225.95
228.62 237.24 329.76 284.27 226.58 78.27 80.22 134.08 195.50 239.64
230.53 234.06 329.94 282.15 222.82 76.26 79.17 134.81 196.85 240.47
227.04 236.45 325.87 278.60 221.28 72.64 75.17 130.83 193.08 236.52
232.77 230.49 330.22 279.83 218.62 74.21 78.22 135.77 198.47 241.50
230.64 230.95 326.38 275.02 214.72 69.43 73.79 132.50 195.73 238.22
234.92 227.17 330.52 277.68 214.66 72.46 77.54 136.81 200.07 242.52
239.02 224.16 335.20 281.70 216.31 76.76 82.18 141.37 204.45 247.10
233.75 226.47 326.96 272.21 209.37 67.27 73.19 134.17 198.12 239.81
237.14 223.87 330.88 275.58 210.71 70.92 77.10 137.96 201.75 243.62
241.20 220.82 335.56 279.63 212.39 75.32 81.76 142.49 206.09 248.17
239.55 220.40 331.32 273.41 206.53 69.54 76.88 139.32 203.61 244.86
243.57 217.31 336.00 277.49 208.25 74.03 81.56 143.81 207.92 249.40
Section 2
219.07 262.67 334.81 307.40 260.09 103.37 99.42 137.33 191.71 239.88
220.73 258.63 334.55 304.55 255.59 99.98 96.77 137.01 192.52 240.21
222.19 255.25 334.39 302.21 251.82 97.24 94.68 136.88 193.30 240.56
223.81 251.68 334.26 299.73 247.80 94.40 92.59 136.86 194.20 240.99
225.41 248.33 334.19 297.45 244.03 91.83 90.76 136.97 195.15 241.48
227.27 244.60 334.18 294.93 239.81 89.09 88.88 137.23 196.29 242.10
228.99 241.30 334.21 292.73 236.06 86.76 87.37 137.59 197.39 242.73
230.99 237.61 334.31 290.29 231.85 84.29 85.85 138.13 198.72 243.51
232.82 234.36 334.45 288.18 228.13 82.25 84.69 138.73 199.98 244.26
MIT Department of Civil and Environmental Engineering 56
Prediction and Measurement of Ground Movements Due to Pile Driving in Clay: A Case Study in East Boston
Distance (ft) to:
*DMP1-52786 -DMP1--52787 -DMP1-55992 -DMP1 -55993 -DMP1 -55994 7D1 -DMP2-1 01 -DMP2-102 -DMP2-103 -DMP2-104 -DMP2-105
234.71 231.13 334.63 286.09 224.40 80.34 83.69 139.43 201.30 245.08
236.90 227.53 334.90 283.81 220.24 78.41 82.81 140.37 202.88 246.09
Section 3
162.55 309.57 284.42 281.75 268.53 96.87 82.46 89.93 136.90 186.84
170.21 301.77 290.07 282.63 264.46 93.56 80.44 94.40 143.69 193.11
176.95 295.05 295.19 283.73 261.21 91.31 79.48 98.78 149.78 198.77
168.40 299.91 285.29 275.70 258.31 87.04 73.57 88.91 140.28 189.00
184.52 287.25 300.76 284.67 257.20 88.83 78.59 103.75 156.57 205.02
175.34 292.54 290.13 275.95 253.96 83.59 71.51 93.11 146.41 194.55
166.50 298.34 280.08 268.25 251.92 80.27 66.29 83.11 136.70 184.57
189.81 281.67 304.58 285.20 254.24 87.21 78.17 107.28 161.30 209.34
195.02 277.42 309.41 287.90 253.73 88.25 80.32 112.01 166.46 214.39
181.85 286.13 295.20 277.26 250.99 81.85 71.22 97.87 152.44 200.16
173.55 290.95 285.03 268.53 247.48 76.59 64.09 87.65 143.02 190.28
164.80 296.75 274.41 259.92 244.81 72.84 58.20 77.00 133.12 179.90
188.29 279.28 299.75 277.68 247.10 79.50 70.45 102.24 158.22 205.40
193.29 275.34 304.66 280.74 247.01 80.93 73.03 107.13 163.32 210.45
180.34 284.33 290.43 270.05 244.45 74.73 63.86 92.91 149.41 196.25
203.99 267.81 315.82 288.79 248.67 86.41 80.70 118.29 174.51 221.72
171.28 290.44 279.60 261.28 241.75 70.31 57.13 82.07 139.28 185.65
186.21 278.17 294.61 270.47 240.90 72.50 63.19 97.10 154.75 201.08
202.25 266.55 311.78 283.03 243.43 80.56 74.93 114.31 171.73 218.33
191.70 273.41 299.75 273.23 240.04 73.28 65.41 102.29 160.26 206.47
178.44 283.22 285.02 262.29 237.87 67.44 56.09 87.54 145.97 191.80
206.41 263.10 315.71 285.33 243.14 81.99 77.30 118.28 175.90 222.42
200.27 264.88 306.49 275.19 236.24 72.57 67.12 109.28 168.33 213.99
185.52 275.81 290.00 262.63 233.35 64.37 55.10 92.78 152.44 197.62
189.75 272.20 294.21 265.17 233.00 65.30 57.28 97.06 156.80 201.96
199.36 263.38 302.83 269.32 230.63 66.46 61.30 106.02 166.33 211.18
188.58 271.45 290.32 259.39 227.97 59.59 51.44 93.59 154.56 198.89
193.19 266.87 294.02 260.49 225.84 58.95 52.40 97.59 158.99 203.03
207.64 255.39 309.76 272.06 227.75 67.40 64.72 113.39 174.34 218.78
188.56 269.95 287.51 254.22 222.88 54.12 46.18 91.39 153.53 196.98
197.25 262.83 297.25 261.43 223.94 58.60 53.48 101.12 162.87 206.66
201.93 258.47 301.50 263.53 222.79 59.54 55.95 105.61 167.55 211.20
193.19 265.36 291.25 255.35 220.71 53.47 47.30 95.52 158.01 201.17
206.18 254.46 305.26 265.30 221.62 60.49 58.25 109.62 171.75 215.25
197.14 261.47 294.52 256.48 219.03 53.33 48.68 99.10 161.85 204.79
210.68 250.08 309.04 266.83 220.04 61.38 60.57 113.73 176.13 219.41
202.37 256.55 299.30 258.86 217.69 54.45 51.66 104.19 167.09 209.90
206.31 252.68 302.60 260.11 216.15 54.98 53.61 107.82 170.93 213.55
218.06 243.14 315.62 270.11 218.30 64.15 65.38 120.76 183.43 226.47
210.73 248.28 306.18 261.32 214.24 55.64 55.83 111.83 175.20 217.55
215.06 244.26 310.24 263.59 213.50 57.65 59.07 116.12 179.57 221.84
222.05 237.82 316.86 267.44 212.57 61.48 64.65 123.09 186.63 228.80
Section 4
80.12 405.49 232.43 294.20 333.08 167.81 147.77 95.81 82.32 132.72
86.80 397.29 236.80 292.90 327.57 161.12 141.23 92.23 85.10 136.53
75.93 403.08 226.30 286.86 327.24 163.06 142.90 89.10 75.41 126.27
93.78 388.74 241.19 291.40 321.69 154.14 134.44 88.83 88.36 140.54
82.50 395.00 230.25 285.11 321.47 156.14 136.08 84.97 77.94 129.75
71.01 401.67 219.14 279.05 321.69 159.04 138.75 82.50 67.62 118.86
101.29 380.03 246.04 290.27 315.93 147.29 127.83 86.29 92.58 145.20
90.36 386.07 235.24 283.80 315.43 148.79 128.90 81.44 81.99 134.45
78.75 392.86 223.79 277.32 315.44 151.40 131.20 77.82 70.92 123.10
107.73 372.72 250.23 289.47 311.16 141.68 122.48 84.77 96.56 149.35
97.17 378.36 239.50 282.65 310.17 142.50 122.79 78.90 85.88 138.62
85.31 386.00 228.12 276.70 311.00 145.77 125.68 75.18 74.68 127.27
115.32 364.58 255.43 289.15 306.19 135.84 117.00 84.21 101.83 154.64
75.05 391.56 217.15 269.80 310.08 147.59 127.27 71.29 63.89 116.34
104.07 371.03 244.12 282.16 305.54 136.87 117.39 77.55 90.46 143.28
93.96 376.68 233.59 275.49 304.69 138.05 118.13 71.96 79.91 132.73
83.15 383.43 222.56 269.21 304.84 140.80 120.58 67.99 68.90 121.68
121.38 357.21 258.99 287.74 300.95 130.04 111.52 83.06 105.69 158.38
111.14 363.35 248.72 281.45 300.52 130.95 111.75 76.50 95.29 148.04
72.16 390.41 210.91 262.62 305.01 144.19 123.81 65.27 57.36 110.04
100.32 369.83 237.61 274.62 300.04 132.44 112.68 70.15 84.07 136.85
90.36 376.02 227.22 268.44 299.89 134.58 114.47 65.37 73.60 126.41
129.14 349.48 264.68 288.31 296.77 125.23 107.25 84.48 111.84 164.32
119.59 354.65 254.61 281.40 295.32 124.78 106.02 76.80 101.69 154.20
80.05 382.42 215.88 261.55 299.50 137.18 116.84 61.23 62.22 115.04
108.49 361.04 242.80 273.60 294.11 125.35 105.86 68.65 89.78 142.33
98.19 367.55 231.88 266.90 293.78 127.26 107.28 62.49 78.72 131.32
126.28 346.91 258.62 280.12 289.86 118.73 100.36 76.43 106.42 158.58
88.47 373.73 221.04 260.17 293.33 129.52 109.25 57.38 67.80 120.43
115.63 353.50 247.46 272.98 289.14 119.48 100.28 68.30 95.11 147.32
106.46 359.09 237.37 266.31 288.24 120.42 100.67 61.37 84.96 137.18
134.19 339.33 264.62 281.15 286.00 114.28 96.53 78.98 113.14 164.95
95.99 366.12 225.93 259.38 288.15 123.00 102.83 55.13 73.37 125.64
123.01 345.97 252.57 272.91 284.54 114.02 95.23 69.17 101.02 152.84
113.78 351.88 242.59 266.46 283.91 114.98 95.51 61.80 90.95 142.78
141.17 331.82 269.29 280.85 281.30 109.27 92.14 80.65 118.72 170.10
103.41 358.51 230.67 258.49 282.86 116.49 96.45 53.57 79.04 130.81
MIT Department of Civil and Environmental Engineering 57
Prediction and Measurement of Ground Movements Due to Pile Driving in Clay: A Case Study in East Boston
Distance (ft) to:





































































































































































































































































7D1-DMP2-101 -DMP2-102 -DMP2-103 -DMP2-104 -DMP2-105
107.54 89.29 70.45 107.60 158.85
108.52 89.41 62.40 97.33 148.60
104.59 88.24 83.22 124.78 175.67
109.81 90.01 53.70 86.03 137.22
103.45 85.84 73.51 114.01 164.85
102.38 83.73 63.92 103.75 154.41
100.75 85.25 86.20 130.51 180.96
103.06 83.55 54.46 92.79 143.29
98.75 81.86 76.22 120.04 170.37
97.82 79.75 66.86 110.10 160.28
96.91 77.78 56.21 99.28 149.10
93.66 77.67 79.25 126.29 175.99
92.14 74.70 69.10 115.93 165.43
91.57 72.92 58.98 105.66 154.87
90,55 75.67 83.90 133.07 182.33
88.27 71.85 74.00 123.27 172.30
86.50 68.51 62.73 112.39 161.01
82.84 67.45 77.40 129.48 177.76
80.81 63.69 66.83 119.41 167.29
76.81 60.77 71.64 126.05 173.41
206.28 185.96 126.01 88.41 128.54
199.00 178.73 120.35 87.12 129.93
201.87 181.49 120.00 80.48 120.57
191.84 171.64 115.08 86.69 131.89
195.32 174.98 114.89 79.55 122.28
198.55 178.14 115.21 73.54 113.39
185.65 165.53 110.77 86.96 133.96
188.31 168.01 109.40 78.64 123.77
191.08 170.69 109.04 71.86 114.78
178.31 158.29 105.60 87.11 135.86
194.80 174.40 109.97 65.93 105.63
180.53 160.29 103.69 78.75 126.21
184.27 163.91 103.74 71.48 116.93
174.70 154.56 100.25 80.87 129.90
187.75 167.34 104.05 64.44 107.32
177.11 156.79 98.31 71.60 119.28
191.44 171.06 105.34 59.00 98.60
180.16 159.76 97.57 62.82 108.54
183.92 163.52 98.82 57.19 100.41
169.95 149.69 93.31 72.85 122.35
173.01 152.64 92.36 64.16 112.31
187.81 167.50 100.18 50.40 89.63
177.16 156.75 93.23 56.78 102.83
166.92 146.58 88.09 65.77 115.52
180.74 160.39 93.98 48.95 92.12
169.03 148.63 86.59 56.89 105.61
173.42 153.04 87.55 47.91 94.37
162.37 141.98 81.35 57.82 108.20
166.70 146.31 81.94 48.41 97.30
155.86 135.51 77.35 61.65 113.23
159.51 139.10 76.12 49.90 100.67
151.42 131.01 70.27 53.67 105.77
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Pile and Monitoring Point Coordinates and Calculated Distances
Monitoring Pts: -DMP2-52776 DMP2-52777 -DMP2-52778 -DMP2-52779 -DMP2-52780 -DMP2-52781 DMP2-52782 DMP2-52783 DMP2-52784 -DMP2-55988
166.00 197.50 204.50 261.50 280.75 325.25 324.25 384.50 461.25 198.00
103.25 118.25 123.00 300.75 304.25 349.00 380.00 456.25 550.75 51.50
Distance Summaries: 273.09 266.22 263.96 227.61 246.98 304.47 317.16 408.33 525.97 330.54
151.29 164.25 166.42 96.52 111.36 143.86 144.97 223.59 335.27 211.54
222.20 218.27 216.88 151.81 169.66 213.74 218.94 302.69 416.77 279.84
280.62 259.52 253.83 208.15 227.14 286.80 301.90 395.42 514.79 325.59
107.47 117.61 120.29 57.92 72.34 90.72 87.40 168.51 285.07 168.30
204.36 195.15 192.60 114.78 130.95 174.83 182.78 271.47 389.35 258.21
280.62 266.22 263.96 227.61 246.98 304.47 317.16 408.33 525.97 330.54
107.47 117.61 120.29 57.92 72.34 90.72 87.40 168.51 285.07 168.30
213.56 207.07 205.12 133.87 150.91 194.89 201.42 287.57 403.49 269.36
Pile Coordinates and
Distances to Mont. Pts.
Phase I
Distance (ft) to:
-DMP2-52776 -DMP2-52777 -DMP2-52778 -DMP2-52779 -DMP2-52780 -DMP2-52781 -DMP2-52782 -DMP2-52783 -DMP2-52784 -DMP2-55988
Section 1 238.36 226.59 223.24 110.54 127.56 166.67 169.92 253.24 367.82 292.64
239.55 231.18 228.65 132.91 150.49 190.68 193.52 275.16 388.20 296.08
232.89 225.29 222.96 134.55 152.58 194.87 198.77 281.66 395.30 289.85
229.72 221.46 218.99 129.09 147.20 190.10 194.52 278.28 392.53 286.29
234.94 225.94 223.27 126.72 144.45 185.65 189.26 272.14 386.00 291.09
246.29 237.20 234.48 131.76 148.83 186.75 188.49 268.76 381.15 302.41
231.32 221.86 219.09 122.22 140.09 182.16 186.39 270.24 384.71 287.17
237.13 226.80 223.80 119.30 136.69 176.74 180.06 262.96 377.06 292.43
23200 220.83 217.65 111.63 129.21 170.58 174.89 259.34 374.41 286.71
240.60 231.02 228.19 125.72 143.03 182.36 185.04 266.84 380.19 296.40
242.10 231.08 227.90 117.18 134.09 172.30 174.79 256.84 370.61 296.93
228.04 216.02 212.64 104.55 122.27 164.71 169.89 255.64 371.52 282.12
244.51 237.00 234.66 140.80 158.27 197.55 199.64 279.92 391.99 301.55
238.51 231.56 229.38 141.32 159.17 200.29 203.33 284.84 397.56 295.83
246.45 236.10 233.08 123.79 140.56 177.75 179.45 260.14 373.02 301.76
244.26 231.68 228.12 108.13 124.50 161.26 163.51 245.86 360.09 297.95
244.16 230.13 226.21 98.43 114.39 150.51 153.05 236.38 351.42 296.66
238.28 224.97 221.25 100.39 117.08 155.68 159.22 243.49 358.83 291.37
233.25 220.58 217.03 102.44 119.68 160.24 164.60 249.60 365.20 286.85
221.70 210.53 207.38 107.71 125.93 170.48 176.61 263.20 379.41 276.38
226.57 216.28 213.33 115.08 133.12 176.36 181.49 266.68 382.02 281.87
226.03 217.31 214.74 124.71 142.94 186.71 191.76 276.43 391.27 282.32
220.95 211.49 208.76 118.16 136.58 181.59 187.54 273.51 389.17 276.77
215.70 205.35 202.43 110.93 129.54 175.91 182.90 270.24 386.75 270.93
210.16 200.83 198.18 115.60 134.50 182.44 190.13 278.04 394.75 266.03
214.68 206.08 203.58 121.28 140.04 186.85 193.70 280.54 396.58 271.01
220.19 212.40 210.08 128.15 146.74 192.26 198.16 283.68 398.89 277.01
222.94 215.60 213.38 131.98 150.49 195.42 200.86 285.71 400.47 280.01
225.97 219.07 216.94 135.87 154.29 198.59 203.54 287.68 401.96 283.28
220.29 214.25 212.35 138.77 157.49 203.40 209,19 294.21 408.92 278.03
214.50 207.69 205.62 131.99 150.87 197.99 204.68 290.97 406.52 271.83
209.48 201.71 199.43 124.65 143.65 191.85 199.41 286.88 403.21 266.27
204.85 196.36 193.93 119.15 138.27 187.57 195.96 284.45 401.42 261.21
197.95 190.45 188.29 123.26 142.59 193.50 202.77 292.04 409.37 254.85
203.86 197.20 195.21 129.55 148.75 198.36 206.64 294.72 411.30 261.23
208.14 202.10 200.25 134.43 153.54 202.25 209.83 297.04 413.04 265.84
213.11 207.93 206.27 141.16 160.16 207.91 214.72 300.86 416.15 271.23
206.46 202.31 200.92 144.78 164.00 213.35 221.07 308.13 423.90 265.01
201.61 196.81 195.28 139.50 158.81 209.07 217.50 305.48 421.86 259.86
196.80 191.27 189.59 134.08 153.46 204.66 213.83 302.74 419.71 254.70
191.51 187.18 185.82 139.43 158.91 211.23 221.02 310.43 427.64 249.93
196.09 192.23 190.96 143.18 162.61 214.07 223.19 311.84 428.55 254.72
200.19 196.94 195.80 147.81 167.18 217.92 226.46 314.37 430.58 259.08
193.77 191.64 190.80 151.97 171.45 223.52 232.87 321.57 438.20 253.04
190.42 187.72 186.75 147.94 167.44 220.06 229.87 319.14 436.16 249.48
186.47 183.27 182.21 144.28 163.82 217.12 227.48 317.38 434.82 245.32
181.22 179.14 178.37 148.91 168.47 222.71 233.68 324.08 441.79 240.46
185.33 183.78 183.12 152.67 172.22 225.80 236.21 326.00 443.29 244.77
188.16 187.12 186.56 156.16 175.70 228.85 238.89 328.23 445.21 247.76
251.98 237.04 232.89 96.52 111.36 143.86 144.97 226.96 341.58 303.70
251.69 237.50 233.53 101.34 116.51 149.61 150.63 232.12 346.30 304.07
251.27 237.99 234.24 107.20 122.76 156.60 157.58 238.54 352.24 304.41
251.52 239.08 235.53 112.77 128.58 162.85 163.71 244.10 357.31 305.32
251.20 239.62 236.28 118.29 134.40 169.33 170.21 250.23 363.03 305.65
251.79 241.08 237.94 124.23 140.54 175.84 176.60 256.08 368.38 306.86
252.07 242.27 239.35 130.25 146.78 182.58 183.32 262.39 374.24 307.75
252.48 243.51 240.80 135.87 152.59 188.82 189.54 268.25 379.70 308.69
253.11 245.05 242.56 142.01 158.91 195.56 196.26 274.60 385.62 309.86
252.43 245.12 242.81 146.36 163.46 200.78 201.67 280.03 390.90 309.60
Section 2
256.00 251.20 249.48 164.20 181.64 219.77 220.53 297.84 407.50 314.41
258.64 253.42 251.60 163.12 180.36 217.59 217.91 294.60 403.96 316.87
262.02 256.50 254.59 163.25 180.27 216.48 216.27 292.16 401.06 320.12
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Distance (ft) to:
*DMP2-52776 DMP2-52777 -DMP2-52778 DMP2-52779 DMP2-52780 DMP2-52781 DMP2-52782 -DMP2-52783 DMP2-52784 DMP2-55988
255.33 249.69 247.77 158.52 175.82 213.53 214.24 291.73 401.69 313.35
259.56 253.48 251.45 158.27 175.28 211.67 211.70 288.20 397.62 317.39
273.09 266.22 263.96 161.68 177.82 210.24 208.16 281.24 388.66 330.54
269.32 262.53 260.30 159.82 176.17 209.60 208.09 282.15 390.19 326.80
264.38 257.73 255.54 157.57 174.21 208.97 208.20 283.52 392.34 321.92
272.39 264.97 262.57 157.69 173.70 205.77 203.66 276.92 384.63 329.54
268.61 261.27 258.90 155.79 172.02 205.13 203.59 277.85 386.18 325.80
263.74 256.24 253.85 151.82 168.28 202.52 201.68 277.23 386.40 320.83
271.84 263.91 261.40 154.16 170.04 201.80 199.65 273.08 381.05 328.70
268.05 260.20 257.72 152.22 168.34 201.15 199.59 274.04 382.62 324.95
271.28 262.80 260.15 150.24 165.97 197.35 195.16 268.79 377.05 327.82
267.48 259.06 256.44 148.24 164.22 196.68 195.10 269.75 378.64 324.05
263.01 254.68 252.09 146.04 162.30 196.06 195.18 271.02 380.61 319.62
270.80 261.75 258.97 146.33 161.91 192.89 190.66 264.49 373.05 326.99
266.99 258.00 255.25 144.29 160.12 192.21 190.60 265.47 374.66 323.22
262.14 252.90 250.10 139.76 155.81 189.08 188.20 264.45 374.53 318.20
270.40 260.83 257.92 142.68 158.10 188.68 186.41 260.44 369.28 326.26
266.61 257.08 254.19 140.59 156.27 187.99 186.35 261.44 370.90 322.49
270.05 259.88 256.84 138.65 153.88 183.99 181.67 255.92 365.09 325.52
266.25 256.12 253.09 136.50 152.00 183.29 181.61 256.95 366.74 321.74
261.76 251.72 248.72 134.32 150.15 182.87 181.95 258.52 369.00 317.30
269.78 259.05 255.87 134.85 149.88 179.53 177.16 251.64 361.13 324.87
265.98 255.28 252.12 132.66 147.97 178.83 177.12 252.69 362.80 321.09
261.55 250.74 247.55 129.18 144.77 176.91 175.96 252.83 363.71 316.57
269.61 258.38 255.08 131.52 146.37 175.57 173.16 247.84 357.61 324.35
265.82 254.61 251.32 129.28 144.41 174.86 173.12 248.92 359.30 320.56
260.98 249.40 246.03 123.87 139.22 170.91 170.00 247.35 358.70 315.44
269.51 257.82 254.40 128.44 143.10 171.87 169.41 244.29 354.33 323.91
265.71 254.03 250.62 126.13 141.09 171.13 169.36 245.38 356.03 320.11
269.45 257.23 253.69 124.98 139.42 167.67 165.16 240.27 350.62 323.45
265.65 253.44 249.90 122.63 137.37 166.93 165.13 241.39 352.35 319.65
260.78 248.27 244.68 117.69 132.71 163.69 162.79 240.63 352.53 314.54
269.48 256.63 252.94 120.98 135.13 162.74 160.17 235.56 346.27 322.99
265.67 252.83 249.15 118.55 133.02 161.97 160.12 236.69 348.02 319.18
269.56 256.23 252.42 117.85 131.75 158.80 156.18 231.80 342.81 322.68
265.76 252.42 248.62 115.36 129.59 158.02 156.14 232.96 344.58 318.87
261.01 247.70 243.92 112.61 127.28 157.49 156.54 234.78 347.11 314.14
269.75 255.80 251.85 113.99 127.55 153.87 151.17 227.10 338.49 322.35
265.96 252.00 248.04 111.43 125.33 153.08 151.14 228.29 340.29 318.54
261.41 247.25 243.26 107.25 121.49 150.80 149.80 228.48 341.30 313.83
269.94 255.54 251.48 111.16 124.44 150.18 147.42 223.59 335.27 322.16
266.16 251.73 247.67 108.52 122.17 149.36 147.39 224.79 337.08 318.35
Section 3
151.29 164.25 167.18 212.45 231.57 290.70 305.18 398.15 517.12 211.54
155.36 166.67 169.20 206.40 225.63 284.23 298.20 390.77 509.49 215.90
202.95 207.15 207.77 190.06 209.55 261.40 269.93 356.97 472.10 263.67
207.98 210.99 211.31 185.77 205.19 255.97 263.81 350.09 464.78 268.56
154.94 164.33 166.42 197.28 216.54 274.96 288.85 381.42 500.18 215.71
212.99 214.88 214.91 181.77 201.10 250.74 257.88 343.39 457.63 273.40
195.78 199.08 199.52 181.99 201.53 254.19 263.42 351.43 467.29 256.38
158.50 166.19 167.86 190.55 209.90 267.81 281.27 373.51 492.08 219.34
219.27 220.17 219.94 179.08 198.26 246.53 252.82 337.31 450.95 279.48
201.22 203.37 203.51 178.03 197.50 249.09 257.62 344.89 460.31 261.64
172.79 177.82 178.78 182.39 201.91 257.95 269.81 360.62 478.31 233.55
163.11 169.17 170.43 184.30 203.73 261.01 273.93 365.75 484.08 223.92
189.48 192.28 192.62 176.85 196.40 249.88 259.80 348.66 465.12 249.99
224.60 224.35 223.82 174.97 193.97 240.88 246.39 329.98 443.11 284.54
207.33 208.26 208.09 173.84 193.21 243.51 251.23 337.61 452.53 267.52
178.35 181.85 182.43 176.62 196.17 251.31 262.52 352.74 470.09 238.94
166.60 171.21 172.11 178.43 197.91 254.65 267.18 358.68 476.84 227.30
195.42 196.87 196.87 171.87 191.38 243.72 252.89 341.00 457.03 255.70
230.15 228.91 228.13 171.92 190.72 236.20 240.90 323.50 436.09 289.82
212.49 212.35 211.90 170.01 189.26 238.38 245.39 331.01 445.50 272.43
182.95 185.08 185.30 171.11 190.67 245.00 255.65 345.38 462.46 243.32
200.76 201.04 200.74 167.55 186.99 238.23 246.71 334.12 449.77 260.78
171.94 174.96 175.46 172.26 191.79 247.73 259.65 350.65 468.52 232.44
235.54 233.34 232.31 168.92 187.48 231.48 235.37 316.97 429.01 294.91
217.66 216.55 215.84 166.70 185.81 233.70 239.99 324.80 438.84 277.34
161.68 165.63 166.42 173.95 193.39 250.67 263.73 355.78 474.32 222.29
188.62 189.56 189.47 166.74 186.29 239.61 249.57 338.65 455.35 248.76
205.97 205.26 204.69 164.03 183.37 233.50 241.29 327.98 443.23 265.74
223.75 221.71 220.75 164.01 182.91 229.31 234.75 318.54 432.02 283.15
176.70 178.20 178.31 166.02 185.58 240.74 252.12 342.67 460.31 236.93
166.30 168.62 168.99 167.34 186.84 243.46 256.03 347.70 466.05 226.66
194.13 193.78 193.35 161.67 181.17 233.41 242.69 331.12 447.47 253.96
212.29 210.42 209.56 160.07 179.25 227.94 234.88 320.65 435.39 271.71
181.68 181.83 181.60 160.54 180.10 234.41 245.21 335.27 452.65 241.60
199.86 198.41 197.70 157.68 177.09 228.17 236.72 324.42 440.38 259.38
218.82 216.04 214.93 157.50 176.48 223.63 229.66 314.40 428.58 277.95
171.23 171.99 171.96 160.93 180.47 236.35 248.40 339.66 457.79 231.27
205.77 203.15 202.14 153.25 172.54 222.30 230.08 317.01 432.56 264.92
175.98 175.29 174.89 154.83 174.40 229.52 241.06 331.93 449.86 235.65
212.19 208.66 207.40 150.44 169.55 217.85 224.76 310.76 425.80 271.01
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Distance (ft) to:
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Distance (ft) to:
-DMP2-52776 DMP2-52777 DMP2-52778 DMP2-52779 DMP2-52780 DMP2-52781 DMP2-52782 DMP2-52783 DMP2-52784 DMP2-55988
276.25 256.96 251.72 84.67 93.02 108.72 104.90 184.23 299.30 323.49
277.28 257.52 252.16 82.65 90.23 104.39 100.41 180.17 295.61 323.95
Section 3
216.78 204.76 201.43 100.85 119.29 165.31 172.52 260.48 377.49 270.84
223.25 210.44 206.88 97.70 115.66 159.59 165.87 253.05 369.76 276.71
229.06 215.60 211.88 95.59 113.02 154.91 160.28 246.68 363.10 282.02
219.36 205.71 201.97 91.13 109.28 154.54 161.81 250.24 367.68 272.15
235.47 221.27 217.34 93.23 109.97 149.37 153.71 239.23 355.35 287.82
225.07 210.65 206.71 87.83 105.46 148.74 155.22 243.08 360.34 277.22
215.14 200.60 196.66 84.28 102.67 149.50 157.93 247.68 365.84 267.18
239.91 225.18 221.11 91.69 107.86 145.38 148.98 233.89 349.81 291.81
244.99 230.06 225.92 92.78 108.36 143.76 146.35 230.18 345.64 296.71
230.79 215.83 211.73 86.21 103.23 144.33 149.89 237.01 354.00 282.47
220.98 205.69 201.55 80.77 98.65 143.53 151.20 240.46 358.48 272.36
210.68 195.10 190.92 76.73 95.40 144.07 153.85 244.99 363.90 261.79
236.14 220.52 216.25 83.96 100.28 139.15 143.87 230.37 347.19 287.23
241.21 225.47 221.15 85.46 101.17 137.86 141.54 226.98 343.35 292.19
227.04 211.23 206.93 79.07 96.30 138.91 145.63 234.18 351.94 277.94
252.48 236.68 232.32 91.00 105.39 137.12 138.32 220.94 336.07 303.41
216.50 200.42 196.09 74.40 92.60 139.38 148.35 238.95 357.66 267.14
231.96 215.57 211.12 76.94 93.52 134.12 140.10 228.17 345.81 282.31
249.19 232.80 228.30 85.16 99.65 132.52 134.66 218.74 334.65 299.55
237.38 220.78 216.27 77.80 93.68 131.88 136.79 223.90 341.17 287.53
222.74 206.03 201.54 71.71 89.27 133.81 141.91 231.97 350.51 272.78
253.30 236.78 232.24 86.60 100.50 131.39 132.63 215.74 331.27 303.53
244.98 227.75 223.07 77.16 91.79 126.29 129.78 215.79 332.71 294.50
228.64 211.26 206.57 68.80 85.56 127.75 135.05 224.67 343.11 278.00
232.99 215.51 210.80 69.79 85.97 126.17 132.58 221.46 339.62 282.26
242.25 224.34 219.50 71.06 85.75 121.42 125.96 213.35 330.98 291.06
230.00 211.87 207.00 64.07 80.48 122.24 129.77 219.86 338.60 278.58
234.16 215.72 210.77 63.50 79.20 118.98 125.81 215.46 334.07 282.40
249.89 231.51 226.54 72.01 85.25 116.75 119.70 205.84 323.09 298.18
228.14 209.33 204.31 58.59 75.11 118.02 126.52 217.61 336.83 275.98
237.81 219.09 214.06 63.18 78.19 116.12 122.31 211.56 330.06 285.74
242.36 223.45 218.37 64.15 78.29 113.76 118.99 207.53 325.79 290.08
232.35 213.24 208.14 58.01 73.77 114.67 122.48 213.18 332.29 279.85
246.42 227.33 222.19 65.10 78.42 111.57 115.91 203.79 321.85 293.92
235.99 216.65 211.47 57.92 72.95 111.98 119.13 209.45 328.45 283.22
250.59 231.26 226.06 65.97 78.36 109.00 112.43 199.66 317.54 297.81
241.10 221.57 216.33 59.06 73.05 109.21 115.29 204.87 323.64 288.09
244.75 225.01 219.71 59.58 72.72 106.71 112.05 201.17 319.81 291.49
257.67 238.04 232.75 68.65 79.51 105.68 107.39 193.24 310.71 304.53
248.77 228.76 223.40 60.21 72.34 103.80 108.31 196.92 315.44 295.19
253.06 232.93 227.52 62.16 73.32 102.00 105.43 193.25 311.52 299.32
260.02 239.70 234.24 65.88 75.51 99.51 101.08 187.41 305.24 306.03
Section 4
155.49 158.91 159.61 170.07 189.42 247.40 261.15 353.85 472.83 216.00
160.35 162.13 162.41 163.51 182.94 240.31 253.57 345.92 464.71 220.58
149.66 152.21 152.75 165.18 184.43 243.06 257.49 350.80 470.20 210.00
165.34 165.47 165.32 156.67 176.16 232.85 245.62 337.61 456.23 225.19
154.17 155.04 155.15 158.38 177.72 235.84 249.87 342.92 462.18 214.17
142.80 144.56 144.97 160.99 180.08 239.46 254.69 348.67 468.50 202.95
170.88 169.42 168.86 149.96 169.51 225.39 237.61 329.19 447.59 230.29
159.86 158.99 158.65 151.18 170.61 228.05 241.56 334.25 453.33 219.40
148.15 148.03 147.96 153.48 172.69 231.55 246.36 340.07 459.77 207.85
175.70 172.96 172.07 144.49 164.05 219.19 230.92 322.13 440.35 234.68
164.80 162.49 161.77 145.02 164.52 221.32 234.37 326.76 445.69 223.88
153.06 151.60 151.17 147.97 167.29 225.63 240.01 333.44 452.99 212.37
181.61 177.56 176.32 138.81 158.37 212.51 223.61 314.32 432.29 240.11
141.97 140.93 140.69 149.49 168.54 228.13 243.74 338.08 458.18 201.35
170.08 166.50 165.44 139.53 159.07 215.13 227.67 319.69 438.44 228.71
159.41 156.19 155.29 140.42 159.84 217.46 231.29 324.38 443.76 218.12
148.13 145.50 144.83 142.85 162.04 221.07 236.18 330.22 450.16 207.00
185.92 180.64 179.08 133.13 152.66 206.03 216.69 307.10 424.95 243.89
175.43 170.57 169.17 133.75 153.32 208.57 220.59 312.24 430.81 233.54
136.26 134.24 133.83 145.90 164.76 225.02 241.40 336.28 456.73 195.26
164.11 159.67 158.44 134.92 154.41 211.45 224.88 317.71 436.97 222.35
153.53 149.51 148.46 136.76 156.07 214.55 229.23 323.01 442.82 211.89
192.31 185.95 184.10 128.50 147.95 200.07 209.98 299.76 417.31 249.79
182.16 175.97 174.21 127.77 147.33 201.46 212.77 303.90 422.21 239.68
142.06 138.41 137.56 139.02 158.03 217.84 233.82 328.49 448.82 200.49
170.24 164.29 162.67 128.01 147.55 203.77 216.66 309.15 428.25 227.82
159.14 153.54 152.07 129.57 148.97 206.87 221.14 314.69 434.40 216.82
187.03 179.62 177.53 121.87 141.38 194.64 205.50 296.31 414.51 243.93
148.21 142.86 141.55 131.50 150.65 209.96 225.52 319.98 440.21 205.94
175.72 168.57 166.62 122.28 141.84 197.26 209.65 301.81 420.76 232.71
165.57 158.57 156.72 122.90 142.39 199.52 213.25 306.47 426.02 222.59
193.75 185.39 183.04 117.61 137.01 188.91 198.97 289.14 407.03 250.15
153.97 147.27 145.58 125.12 144.39 203.16 218.31 312.54 432.66 211.08
181.63 173.40 171.15 116.99 136.55 190.99 202.80 294.55 413.31 238.05
171.56 163.49 161.34 117.64 137.18 193.48 206.66 299.52 418.91 228.03
199.25 189.87 187.24 112.75 132.02 182.72 192.15 281.87 399.57 255.05
159.63 151.63 149.58 118.75 138.12 196.33 211.07 305.08 425.11 216.07
MIT Department of Civil and Environmental Engineering 62
Prediction and Measurement of Ground Movements Due to Pile Driving in Clay: A Case Study in East Boston
Distance (ft) to:
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Pile and Monitoring Point Coordinates and Calculated Distances
Monitoring Pts:
Distance Summaries: 341.20 341.36 350.65 161.02 177.92
275.28 278.90 207.84 82.39 81.75
306.34 309.83 271.34 121.85 133.00
301.63 304.03 328.96 163.32 191.11
243.91 244.51 158.37 45.31 43.62
267.90 269.79 229.48 101.73 115.89
Phase I & II
341.20 341.36 350.65 163.32 191.11 Max 525.97
243.91 244.51 158.37 45.31 43.62 Min 23.57
287.72 290.43 251.06 112.10 124.71 Avg 214.11
Pile Coordinates and
Distances to Mont. Pts.
Phase I
Distance (ft) to:
-DMP2-55989 -DMP2-55990 -DMP2-55991 07D1-MPHG-55998 7D1-INCL-56000
Section 1 290.24 289.64 228.29 120.18 142.01
306.01 306.96 252.07 125.42 143.62
303.58 305.21 255.17 120.02 137.26
298.25 299.75 250.01 115.84 133.81
299.48 300.37 246.46 119.93 138.81
308.64 308.91 249.19 131.11 150.16
294.53 295.41 242.46 115.71 135.07
295.62 295.78 238.04 120.42 140.76
287.72 287.77 231.12 114.39 135.61
301.73 302.06 244.08 124.79 144.35
296.66 296.22 234.43 124.63 145.71
280.74 280.63 224.59 109.64 131.75
313.78 314.88 259.46 131.66 148.95
311.01 312.67 261.29 126.67 143.22
303.30 302.96 240.42 129.71 150.09
291.42 290.09 223.87 125.45 148.04
284.50 282.45 213.20 124.53 148.41
283.13 281.78 217.37 118.99 142.28
282.04 281.31 221.05 114.36 137.08
279.38 280.03 229.21 104.09 125.32
287.13 287.89 235.93 109.93 130.19
293.29 294.79 246.08 111.50 129.96
286.04 287.49 240.14 105.40 124.69
278.07 279.45 233.53 99.02 119.32
277.87 280.03 239.01 94.87 113.89
284.44 286.63 244.25 100.42 118.61
292.25 294.48 250.58 107.18 124.44
296.35 298.62 254.14 110.65 127.40
300.62 302.92 257.73 114.39 130.67
299.27 302.23 261.54 110.44 125.50
291.44 294.38 255.25 103.31 119.22
283.54 286.37 248.29 96.66 113.70
276.96 279.77 243.14 90.90 108.79
275.28 278.90 247.75 85.87 102.26
283.28 286.88 253.73 93.22 108.62
289.17 292.78 258.35 98.62 113.32
296.57 300.26 264.77 105.21 118.93
294.84 299.29 268.99 101.10 113.16
288.40 292.85 263.93 94.97 107.71
281.76 286.20 258.68 88.75 102.30
281.81 287.00 264.21 86.52 98.02
287.26 292.37 267.86 91.96 103.06
292.86 297.99 272.38 97.32 107.79
291.40 297.28 276.75 94.23 102.67
286.63 292.47 272.74 89.63 98.65
281.63 287.51 269.10 84.69 94.14
281.10 287.66 273.65 82.95 90.25
286.30 292.82 277.47 88.13 95.03
290.40 296.96 280.97 92.12 98.53
286.44 283.46 207.84 132.07 156.63
289.85 287.28 213.48 132.01 155.97
293.90 291.84 220.32 132.02 155.21
297.98 296.33 226.52 132.82 155.26
301.72 300.52 232.83 133.21 154.82
306.12 305.32 239.28 134.64 155.41
310.38 310.02 245.90 135.95 155.79
314.40 314.43 252.04 137.43 156.39
318.83 319.27 258.67 139.35 157.33
321.40 322.23 263.64 139.83 156.99
Section 2
334.80 336.67 282.43 147.83 162.20
335.41 336.97 280.65 149.62 164.52
337.13 338.40 279.98 152.39 167.69
MIT Department of Civil and Environmental Engineering
DMP2-55989 -DMP2-55990 -DMP2-55991 07D1-MPHG-55998 7DI-INCL-56000
349.50 368.25 385.50 177.25 160.75
122.75 141.50 31&.00 222.75 199.5
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Vertical Deformation vs. Time (7D1-DMP1-118)
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Vertical Deformation vs. Time (7D1-DMP1-119)
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Vertical Deformation vs. Time (7D1 -DMP1 -118)
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Vertical Deformation vs. Time (7D1-DMP1-120)
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Vertical Deformation vs. Time (7D1-DMP1-125)
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Vertical Deformation vs. Time (7D1-DMP1-55992)
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Vertical Deformation vs. Time (7D1-DMP2-105)
x
A
7/15 7/22 7/29 8/5 8/12 8/19 8/26
Time

















































































































































ent of Civil and Environm
ental Engineering 
101
Vertical Deformation vs. Time (7D1-DMP2-52781)
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